Introduction
Oncocytic neoplasms or oncocytomas are in most cases benign tumors, usually arising in the kidneys or thyroid, parathyroid, salivary or pituitary glands [1, 2] ; rarely, they have also been reported at other sites including the respiratory tract (as oncocytic neuroendocrine carcinoma [3] ), larynx [4] and choroid plexus [5] .
Oncocytic neoplasms arising in the adrenal glands are extremely rare, and are usually discovered to be nonfunctional and mostly benign tumors. Since the first description [6] confirmed by electron microscopy in 1986 [7] , approximately 147 cases have been reported in the literature, most frequently described as incidental findings. Despite the fact that they have mostly been traditionally considered to be nonfunctional and benign tumors, recent data indicate that about 20% of the adrenocortical oncocytomas demonstrate some elements of malignancy [8] and 10-20% of them appear to affect hormone production in the adrenal glands.
Review
In a decision-making process, a general imaging feature that usually differentiates a benign from a malignant adrenal mass is tumor size: a diameter ! 4-5 cm usually suggests a benign form. In case of oncocytic neoplasm, however, the size of the mass and imaging findings [computed tomography (CT) or magnetic resonance imaging (MRI)] cannot be used to identify such a lesion or to differentiate benign and malignant oncocytic neoplasms [9] . In such cases, the oncocytic adrenal mass should be considered in the differential diagnosis of indeterminate, incidentally detected, adrenal tumors. As adrenal oncocytic neoplasm usually presented as a large adrenal mass, surgical excision is often considered inevitable, traditionally by open adrenalectomy. Recent advances in laparoscopic techniques, even in the presence of a large adrenal mass, have made possible the application of minimally invasive procedures.
The rarity of the disease prompted this study, which reviews and discusses incidence, histology, diagnosis and current trends in the therapy of adrenal oncocytic neoplasms.
Materials and Methods

Review of the Literature: Search Strategy
A literature search was done using the MEDLINE /Cochrane libraries from 1950 to date using the medical subject headings 'oncocytoma', 'adrenal gland', 'adrenal oncocytoma', 'adrenal oncocytic neoplasm' and 'adrenal oncocytic carcinoma'. No language restrictions were imposed. Where information was missing from published papers, we contacted authors to obtain relevant information. Original articles, review articles and editorials were included and reviewed in order to select relevant articles.
In August 2012, the search for oncocytoma, adrenal gland, adrenal oncocytoma, adrenal oncocytic neoplasm, adrenal oncocytic carcinoma produced 93 references, 19 of which were reviews.
Results
Incidence
The term 'adrenal mass' refers to neoplasms of the adrenal gland, most of which are identified during a endocrine evaluation for their tendency to overproduce endocrine hormones: adrenal pheochromocytomas (up to 11% of incidentally detected adrenal masses) and all adrenocortical adenomas are benign tumors which may nevertheless cause significant health problems by giving rise to hormonal hyperproduction.
In general, however, most of these adrenal masses are called 'incidentalomas' since they are tumors found by coincidence and in the absence of clinical symptoms: they are one of the more common unexpected findings revealed on ultrasound scan, CT or MRI.
According to the definition, an adrenal incidentaloma is a mass greater than 1 cm in diameter, serendipitously discovered by radiological examination [10] . Numerous autopsy studies have examined the frequency of incidental adrenal nodules, and have shown an overall frequency of adrenal adenomas of about 6%. A review on abdominal CT yields similar findings, with a prevalence of adrenal incidentaloma of 4%, mostly represented by adrenal adenoma (75%) and metastasis in up to 21% of cases.
Malignant adrenal tumors, which include neuroblastoma, adrenocortical carcinoma [11] with its oncocytic variant [12] and a minority of adrenal pheochromocytomas, are extremely rare, with an incidence of 1-2 per million population annually.
Adrenal incidentalomas show different distribution in the population with regard to the age and sex of the patient and the size and nature of the mass and on which side it occurs. Peak incidence is in 50-to 70-year-olds and more frequently found in females (which could be due to a higher rate of abdominal diagnostic procedures being performed in women than in men).
Adrenal oncocytic neoplasm is a more rare disease; to date, it has been described in only 147 cases. Most of them are incidentally detected [13] [14] [15] [16] [17] [18] , since only 17% are functional adrenal masses [19] . Their occurrence in all ages has been described, without a precise age distribution (mean age at diagnosis 47 years, range 27-72 years), and have been observed to occur more frequently in females (2.5: 1) and in the left gland (3.5: 1).
In most cases, adrenal oncocytic neoplasm is located in the adrenal cortex, with only 1 case having been described of an oncocytic tumor of the adrenal medulla or in heterotopic adrenal tissue [20, 21] . Adrenocortical oncocytic neoplasm, although extremely rare, should be included in the differential diagnosis of solid, nonfunctioning, adrenal tumors in pregnancy [22] .
To date, there are no identified specific risk factors (environmental or genetic), and there is a minimum of knowledge available on the mechanisms that lead to oncocytosis in general and in the adrenal glands in particular. Experimental studies in rats have demonstrated that N-nitrosomorpholine, an airborne contaminant, induces renal oncocytosis and is followed by the formation of renal oncocytoma [23] , suggesting that the excessive mitochondrial proliferation is a compensatory mechanism in the presence of toxic substances. Another hypothesis is that oncocytic neoplasms are tumors of the mitochondria because these have their own DNA that codes their own characteristic proteins [24] , and that the tumor arises via mutations in the mitochondrial genome [25] . A peculiar differentiation towards cells of high-energy output or a physiological response to a defect in the energy production machinery of the cell is another possible explanation [26] .
Histology
The term 'oncocyte', derived from the Greek root 'onco-', which means mass or bulk and first used by Hamperl in 1950 [27] , usually describes a large, highly eosinophilic, granular cell, typically associated with a Hurthle cell tumor of the thyroid gland. It is also known as an oxyphilic cell (typically found in the parathyroid glands) or an Askanazy cell (in the thyroid).
The oncocyte is 1-2 times the size of normal acinar cells which compose original tissue, and typically displays an abundant and granular eosinophilic cytoplasm with a central pyknotic nucleus. The cytoplasmatic granularity is due to the accumulation of mitochondria that may occupy up to 60% of the cytoplasm. The increased concentration of mitochondria is accompanied by a gradual compression and sometimes disappearance of other cytoplasmic membrane systems. Electron microscopy is an invaluable tool for the demonstration of mitochondria in the cytoplasm of oncocytes. The characteristic acidophilia should be distinguished from acidophilia that is secondary to the accumulation of keratin, collagen, lysosomes, neurosecretory granules and cytofilaments, smooth endoplasmic reticulum or a combination of these.
The adrenal oncocytic neoplasms have their own structural characteristics. Macroscopically, most of them are a large, rounded, encapsulated and well-circumscribed mass, with an average diameter of 8 cm (2-20 cm). The mass tends to be brown, yellow or mahogany on cut-section. Some tumors display areas of hemorrhage and necrosis. The classic central radiating scar that has been described in most renal oncocytomas is not always present in adrenocortical oncocytic neoplasms.
The microscopic appearance of oncocytic neoplasm includes cells arranged in solid, trabecular, tubular or papillary patterns. The tumor cells are highly eosinophilic and granular; rarely, the oncocyte has pleomorphic nuclei or a mitotic figure.
Upon observation by electron microscope, the tumor cells contain abundant mitochondria, typical of adrenocortical cells [28] .
The immunophenotypic profile of adrenal oncocytic neoplasm [29] is difficult to evaluate because immunohistochemical studies were only performed in approximately half of the reported cases, and no single immunostaining was performed in any of them. Nevertheless, the cases were generally negative for S100 and chromogranin. Bégin [17] and Lin et al. [30] reported immunoreactivity to cytokeratins 8 and 18 (or CAM 5.2), in contrast to the findings of other authors.
Vimentin immunoreactivity was also variable, with most cases being strongly positive, while others showed only weak or absent immunoreactivity. In some cases, through immunocytochemical study, vimentin was diffusely expressed, whereas AE1/AE3 cytokeratin was detected only in some cells.
Some authors used immunopositivity with an antimitochondrial antibody to prove that such a tumor was truly oncocytic [19, 31, 32] .
A variant of adrenal oncocytic neoplasm is a disease of adrenal medulla [33] : in such a case, the morphologic distinction between adrenocortical and medullary tumors can be difficult [17] . Sangoi and McKenney [34] characterized the immune profile of adrenal cortical lesions and pheochromocytomas with a panel of antibodies. From the adrenal cortical lesions analyzed, 89% were calretinin-positive, 86% alpha-inhibin-positive and melan-A-positive and 59% were synaptophysin-positive. All the adrenal cortical lesions were chromogranin-negative. Of the pheochromocytomas analyzed, 100% were positive for synaptophysin and chromogranin and all of them were negative for calretinin, inhibin and melan-A. Calretinin has been proven to be sensitive and specific in differentiating tumors of the adrenal cortex from those of the adrenal medulla. Chromogranin was proven to be the sole pheochromocytoma marker, given its high sensitivity and specificity.
In general, the immune profile of an oncocytic tumor is: diffuse positivity for vimentin, melan-A, synaptophysin ( fig. 1 ) and alpha-inhibin [35] .
According to the currently used classification, there are three histological categories: pure and benign oncocytoma, oncocytic neoplasm of uncertain malignant potential [36] [37] [38] and oncocytic carcinoma [39] [40] [41] [42] .
A tumor is defined as an adrenocortical carcinoma when three or more of the following criteria are met: (1) a high nuclear grade, (2) a mitotic rate of 6 6 per 50 high power fields, (3) atypical mitosis, (4) ! 25% clear cells, (5) a diffuse architecture pattern in more than one third of the tumor, (6) confluent necrosis, (7) venous invasion, (8) sinusoidal invasion and (9) capsular invasion. The criteria, also known as Weiss criteria [43] , are considered the standard tools for the diagnosis of adrenocortical malignancy. However, great care should be taken in applying these criteria to histological evaluation of the relatively rare and peculiar adrenocortical oncocytic neoplasm. Some other markers, such MIB1 or Ki-67, are of some practical value in terms of achieving a differential diagnosis between benign mass and carcinoma [44] .
Bisceglia et al. [8] proposed a review of the common Weiss criteria. The morphologic parameters of the Weiss system were reviewed in the context of their possible application to the oncocytic tumor variant. Proposed major (high mitotic rate, atypical mitoses and venous invasion) and minor (large size and huge weight, necrosis, capsular invasion and sinusoidal invasion) criteria in distinguishing malignant tumors have been analyzed by the authors. Defining criteria (predominantly cells with eosinophilic and granular cytoplasm, a high nuclear grade and a diffuse architectural pattern) in common with all types of oncocytic tumors have been outlined. The presence of 1 major criterion indicating malignancy, 1-4 minor criteria indicating uncertain malignant potential (borderline) and the absence of all major and minor criteria indicative of benign mass.
Diagnosis
The two most important factors in the diagnostic work-up of adrenal mass, also valid for adrenal oncocytic neoplasm, are: the lesion's size and/or function. The size of an adrenal incidentaloma does not affect recommendations regarding biochemical testing.
The size of an adrenal mass is very important in the decision-making process. In a report involving 887 patients who had adrenal incidentalomas, a diameter greater than 4 cm was shown to have a 90% sensitivity for the detection of adrenocortical carcinoma, but a low specificity; only 24% of the lesions were malignant [45] . Decisions regarding surgery should also take into account the imaging phenotype of the mass as well as the patient's age and any coexisting conditions. Increase in size over time is another indication for surgery. In general, however, resection is recommended for all adrenal masses of 1 6 cm. The size is a problem in adrenal oncocytic neoplasms because most oncocytic adrenal tumors, although benign, Review display a large volume [46] . A preoperative percutaneous biopsy [47] , by means of CT or ultrasound scan guidance, provides an accurate diagnosis in some cases of indeterminate mass, with a sensitivity of 73.3%. Careful biochemical analyses should be undertaken to rule out the presence of a primary functioning mass which requires surgical resection despite the size: some cases of adrenal oncocytic neoplasm have presented as functioning tumors. It is extremely rare to find a case of adrenal oncocytic neoplasm with a clinical presentation mimicking pheochromocytoma, a finding which poses a considerable preoperative diagnostic dilemma [48] [49] [50] [51] , as the pheochromocytoma itself can be confused with the oncocytic neoplasm. The distinction is possible in most cases, based on clinical, biochemical and immunohistochemical study. In rare cases, a Cushing's syndrome is caused by benign adrenocortical oncocytic neoplasm [18, [52] [53] [54] [55] or an oncocytic subtype of malignant adrenocortical carcinoma [56] .
An adrenocortical oncocytic neoplasm occurring with an aldosteronoma has been described [57, 58] as well as very rare cases of virilizing adrenocortical oncocytic neoplasm in a female child [59] [60] [61] or old woman [62] , an adrenocortical oncocytic carcinoma producing testosterone [63] or presenting with pseudoprecocious puberty induced by adrenocortical oncocytoma [64] and an adrenal oncocytic neoplasm producing cortisol and testosterone [65] or cortisol and aldosterone [66] . A case of an adrenocortical oncocytic neoplasm producing interleukin (IL)-6 has been reported [67] .
In the imaging of oncocytic neoplasms, as of any mass of the adrenal glands, it is important to differentiate the lesion from adrenal adenoma. The majority of malignant and benign adrenal lesions can be differentiated based on fat concentration: almost all malignant lesions are lipidpoor, whereas the majority of benign lesions (usually cortical adenomas) are lipid-rich, and present lower attenuation on CT scan. The CT criterion used for the diagnosis of benign lipid-rich adenoma was unenhanced attenuation of 10 HU or less [68] , avoiding measurement of necrotic or cystic areas, which can be seen in some malignant lesions and adrenal cysts [69] . More recently, it has been noted that injected contrast material tends to wash out of benign adrenal lesions faster than malignant ones. However, the CT imaging findings are, unfortunately, in general nonspecific [70] [71] [72] , and there is no characteristic imaging of adrenal oncocytic neoplasm. The central scar is variably present.
MRI with chemical shift subtraction [73] provides a high confidence level in distinguishing adrenal adenomas from other disease [74, 75] . However, MRI is not able to detect adrenal oncocytic tumor [76] . Moreover, a report of fat within an oncocytic adrenocortical neoplasm demonstrated on CT and MRI has been described. Despite being uncommon, this diagnosis must at least be considered in the presence of a large adrenal mass demonstrating predominantly soft tissue with only scattered areas of fat [77] .
In conclusion, CT and MRI findings cannot be used to detect an adrenal oncocytic neoplasm or to differentiate between benign and malignant oncocytic neoplasms.
No typical pattern has been described on ultrasound scan. The use of contrast-enhanced ultrasound has shown an excellent sensitivity and specificity in the differential diagnosis between benign and malignant adrenal mass [78] ; however, no experiences of adrenal oncocytic neoplasm has been described. 18 F-FDG whole-body positron emulsion tomography is utilized to differentiate benign from malignant nonfunctioning adrenal masses; in the literature there are only a few published reports about findings in adrenocortical oncocytoma by this method [79] , and the findings are contradictory [80, 81] . Paradoxical positive results have emerged on the use of radiotracers such as metaiodobenzylguanidine -labeled with various iodine isotopes, proven to be the most reliable tracer for human studies of adrenal medulla -in adrenal oncocytic neoplasm [82] .
The diagnosis of oncocytic neoplasm can be secured preoperatively by fine-needle aspiration cytology [83] ; this alone [84, 85] , however, and even an open biopsy, would not be able to characterize and define the disease as adrenal oncocytic neoplasm [86] .
Therapy
The approach to an adrenal mass depends upon size and function. The surgical management of oncocytic adrenal tumors has been traditionally involving open surgical approach [87, 88] . Adrenalectomy is the standard, since adrenal oncocytic neoplasm usually presented as large adrenal mass. Recent advances in endoscopic techniques have allowed the performance of an increasing number of laparoscopic adrenalectomies [89] [90] [91] [92] .
Retrospective comparative studies have consistently shown that the laparoscopic approach to an adrenal mass carries less morbidity, quicker patient recovery and shorter hospital stay in comparison with open adrenalectomy. Nevertheless, safe laparoscopic resection of large or potentially malignant adrenal tumors still remains a matter of scientific debate. Safety includes the ability to obtain a complete resection without disrupting the capsule. Contra-indications are the presence of capsular or vascular invasion or the diffusion to the surrounding structures, or the presence of a lymphadenopathy.
In general, the laparoscopic approach to adrenal tumors can be safely performed in well-experienced hand, when the preoperative CT and MRI findings reveal a well-encapsulated tumor, with no evidence of invasion into surrounding tissue and no regional adenopathy. More recently, a surgical resection of adrenal oncocytic neoplasm with the assistance of the da Vinci robotic system has been described [93] .
Partial adrenalectomy is proposed in some case, however it is an incomplete approach to incidentally detected adrenal mass [94] .
Prognosis
Accurate classification of adrenal oncocytic neoplasm is important. The prognosis is based upon the cited criteria for the classification of oncocytic adrenocortical tumors. These criteria (Lin-Weiss-Bisceglia system) include: (1) major criteria (a mitotic rate of more than 5 mitoses per 50 high power fields, any atypical mitoses or venous invasion), (2) minor criteria [large size ( 1 10 cm and/or 1 200 g), necrosis, capsular invasion or sinusoidal invasion] and (3) definitional criteria (predominantly cells with eosinophilic-granular cytoplasm, high nuclear grade and diffuse architectural pattern). The presence of any one of the major criteria indicates malignancy, the presence of one to four minor criteria is indicative of uncertain potential while the absence of all major and minor criteria indicates benign behavior.
Adrenal oncocytic neoplasms are predominately benign [29] . After surgery, adrenal oncocytic neoplasm can be assessed conservatively in the absence of mitotic activity, necrosis, or invasion. The limited literature available supports this recommendation.
A safer approach, utilized until objective criteria are devised, would be judicious regular follow-up for a minimum of 5 years. On the other side, adrenocortical carcinoma and its oncocytic variant is an aggressive cancer, and often invaded nearby tissues or metastasized [95] to distant organs at the time of diagnosis, with a poor 5-year survival rate (20-35%) [96] . The 5-year survival rate after successful surgery is 50-60%, but unfortunately, a large percentage of patients are not surgical candidates, and will present local relapse [97] . Radiation therapy and radiofrequency ablation may be used for palliation, while chemotherapy includes mitotane [98] as well as standard cytotoxic drugs.
Discussion and Conclusion
Adrenal oncocytic neoplasm is one of the histological subtypes of incidentally detected adrenal masses. It is usually a large, benign, nonfunctional adrenal tumor, with prevalence in women and on the left side.
As it usually presents as an incidental, large adrenal mass, CT and MRI findings cannot be used to differentiate benign and malignant oncocytic neoplasms and only microscopic criteria are able to identify precise histology characterization and clinical behavior, so adrenalectomy is the mainstay of therapy and laparoscopy is now the most diffuse approach.
It is difficult to trace a guideline with a high level of evidence on adrenal oncocytic neoplasms, since most of the current literature is based upon singular experience, with very few papers reporting on extensive experience, although these are of a high scientific level. In conclusion, table 1 reports the key points with the most important studies as references.
